Chromosomal abnormalities, especially t(4;14) and del(17p), are major prognostic factors in patients with multiple myeloma (MM). However, this has been especially demonstrated in patients age Ͻ 66 years treated with intensive approaches. The goal of this study was to address this issue in elderly patients treated with conventional-dose chemotherapy.
INTRODUCTION
Despite tremendous improvements in the outcome of patients with multiple myeloma (MM) during the last decade, most encounter relapse. However, large heterogeneity is observed; some patients present with highly refractory disease, whereas others may enjoy up to 15 years disease free. This heterogeneity can be predicted, at least in part, thanks to prognostic factors. Among them, the most powerful is cytogenetics. MM is characterized by many chromosomal abnormalities, present in up to 95% of patients (based on recent SNParray reports). 1 Several recurrent chromosomal changes have been described, the most frequent being hyperdiploidy (50% to 60% of patients), monosomy 13 or del(13) (45%), 1q gains (30% to 35%), t (11;14) (20%), and t(4;14) (15%).
2-5 Some of these abnormalities have been shown to dictate patient outcome. [6] [7] [8] [9] This is especially true for t (4;14) and del(17p). However, most of these data (both for incidence and prognostic value) have been obtained in the youngest patients (usually age Ͻ 65 years), treated with highdose melphalan. Whether these data are relevant in elderly patients is not known. For instance, in acute lymphoblastic leukemia, Philadelphia chromosome incidence is much higher in older patients. To address this issue, we searched the Intergroupe Francophone du Myélome (IFM) database for patients age Ͼ 65 years analyzed for the most common chromosomal rearrangements and with available clinical data regarding treatment modalities and outcome.
PATIENTS AND METHODS
The IFM cytogenetic network centralizes patient samples in a unique laboratory for chromosomal analyses. All the patients signed an informed consent form allowing biologic studies. Bone marrow samples were shipped overnight. On receipt, bone marrow mononuclear cells were separated.
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Then, plasma cells were sorted using anti-CD138 immunomagnetic systems (MiltenyiBiotec, Paris, France, or StemCell Technologies, Vancouver, British Columbia, Canada) according to manufacturer instructions. After sorting, plasma-cell purity was checked morphologically. After fixation in Carnoy's fixative, sorted plasma cells were analyzed by fluorescence in situ hybridization (FISH), as previously described. 9 Specific probes for chromosome 13 (q14 band) and chromosome 17 (p13 band) and for detection of t(4;14) translocation were purchased from Abbott Molecular (Des Plaines, IL). As previously described, FISH results were considered abnormal if deletion was observed in Ͼ 30% of plasma cells for chromosome 13, in Ͼ 60% of plasma cells for chromosome 17, and, if translocation was observed, in Ͼ 30% of plasma cells for t (4;14 The primary end point was the correlation with survival from time of diagnosis. Kaplan-Meier curves for progression-free survival (PFS; defined by time between diagnosis and occurrence of progression, relapse, or death) and overall survival (OS) were plotted and compared using the log-rank test. Prognostic factors for PFS and OS were determined using the Cox proportional hazard model for covariate analysis. Statistical analyses were performed with SAS version 9.1 (SAS Institute, Cary, NC).
RESULTS
We found 1,890 patients age Ͼ 65 years with newly diagnosed symptomatic MM and FISH data after searching the IFM database; median age was 72 years (range, 66 to 94 years). Patients were classified in two groups: those age 66 to 75 years (n ϭ 1,239), and those age Ͼ 75 years (n ϭ 651). Incidences of the three chromosomal aberrations are summarized in Appendix Table A1 (online only). In the two groups, we observed statistically significant differences for incidence of del (13) and t (4;14) , with lower incidence in older patients. Similarly, when compared with a group of 2,347 patients age Ͻ 66 years, this lower frequency was confirmed, with incidences decreasing with age (Appendix Table A1 , online only). In contrast, incidence of del(17p) was remarkably stable within the three groups.
For prognostic analyses, we searched the IFM database for patients with data on treatment modalities and outcome. We found a total of 1,095 patients corresponding to these criteria. When compared with the 795 patients without follow-up data, these 1,095 patients were not significantly different with regard to age, sex, or incidence of del(13), t (4;14) , or del(17p). Before analyzing the prognostic values of chromosomal abnormalities, we first analyzed PFS and OS according to protocol strategies. On the basis of not significantly different outcomes, patients were grouped within three categories: those treated with MPT, those treated within the IFM 99-06 trial (arms A and C), and others. Then, statistical analyses of the impact of chromosomal abnormalities on outcome were stratified according to treatment. In univariate analyses, all three abnormalities displayed a significant P value for both PFS and OS, even though the impact of del(13) on OS was marginally significant (Appendix Tables A2 and  A3 , online only). The prognostic value of t(4;14) and del(17p) was retained in patients treated with novel therapies, such as MPV or lenalidomide plus dexamethasone. Similar results were found in elderly and very elderly subgroups (with 75-year age cutoff). In multivariate analyses, t (4;14) and del(17p) were independent predictors of short PFS and OS duration, whereas del(13) was only marginally significant for PFS prediction but not for OS (Tables 1 and 2 ; Figs 1 to 4) .
DISCUSSION
During the past decade, the outcome of patients with MM has been dramatically improved, essentially because of the availability of novel drugs such as thalidomide, bortezomib, and lenalidomide. On the basis of recent data (personal IFM data), we can estimate that half of the patients age Ͻ 65 years will live Ͼ 10 years after diagnosis. For older patients, the estimate is 5 to 6 years. However, these numbers are medians and do not reflect the huge heterogeneity observed in MM outcome. Thus, the availability of reliable prognostic factors is important to predict survival and to try to adapt patient/family information-and, it is hoped, treatment modalities-to this expected survival. As is usual in hematologic malignancies, the most powerful prognostic factors are chromosomal changes observed in the tumor clone. In MM, the most important prognostic changes are t(4;14) and del(17p). Although bortezomib may improve the outcome of patients presenting with t(4;14) translocation, 11, 12 these patients still experience shorter outcome than those with standard-risk cytogenetics.
13
The situation is even more dramatic for patients with del(17p), for whom no improvement has been achieved in the past years.
However, a large majority (if not all) of the data addressing the issue of prognostic impact of chromosomal abnormalities in MM have been obtained in young patients treated with high-dose chemotherapy. Whether these data are also valid in the elderly population is Abbreviations: HR, hazard ratio; OS, overall survival.
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Multivariate analyses, stratified according to treatment.
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an open question. To answer this question, we analyzed a large cohort of patients with a median age of 72 years (range, 66 to 94 years). We first looked at the incidence of major chromosomal changes. Surprisingly, we found striking differences when compared with younger patients (Appendix Table A1 , online only). Although the incidence of del(17p) was remarkably stable in all age groups, we observed a lower incidence of del (13) and t (4;14) in the oldest patients. It is quite difficult to speculate on the reasons for these differences. Would oncogenesis of MM be different in the elderly population? One hypothesis could be that MM in the elderly is diagnosed after a longer phase of monoclonal gammopathy of undetermined significance (MGUS), which is more frequent in elderly patients. Even if conflicting data are reported regarding the incidence of t (4;14) in MGUS, we can speculate that those patients will evolve more rapidly to MM, and thus, t(4;14) may be more frequent in younger patients. Because this cohort was not enrolled onto a single clinical trial, treatment modalities were quite heterogeneous. The largest cohort was treated with MPT, according to or within the IFM 99-06 trial (18 months of treatment). We confirm that even outside of a clinical trial, this combination provides a better outcome than the standard MP combination. The best results were obtained with high-dose melphalan (200 mg/m 2 ), but this population was highly selected, with a median age of 66 years. According to these results, we performed a statistical analysis stratified on treatment modalities. Whatever the treatment was, both t(4;14) and del(17p) were associated with shorter PFS and OS. The median PFS for patients with t(4;14) and del(17p) was 14 (P Ͻ .001) and 11 months (P Ͻ .001), respectively, as compared with 24 months for patients lacking both abnormalities; similarly, the median OS was 32 (P Ͻ .001) and 19 months (P Ͻ .001), respectively, as compared with 50 months. Thus, these two specific chromosomal changes retained the same prognostic value as for younger patients.
These findings may have therapeutic implications. Even though t (4;14) and del(17p) share poor prognosis value, several reports support that bortezomib might be the drug of choice for patients with t (4;14) . Of course, it does not totally overcome the prognostic value of t(4;14) negative t (4;14) 
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translocation, but it seems to improve the outcome of patients. Because of the small number of t(4;14)-positive patients treated with the MPV combination in our series, it was not possible to compare their outcome with that of patients treated with MPT. Otherwise, on the basis of previously published reports, the MPV combination could be the first choice for those patients with t (4;14) . In contrast, no treatment has been shown to improve the outcome of patients with del(17p). For instance, the median OS for these patients was only 19 months in this series. In conclusion, even if we found a lower incidence of t (4;14) in the oldest patients, both t(4;14) and del(17p) were associated with poor outcome in this cohort of elderly patients with MM, strengthening the importance of analysis at diagnosis, even in the oldest population. 
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